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NONVOLATILE MEMORY DEVICE,
OPERATING METHOD THEREOFK, AND
MEMORY SYSTEM INCLUDING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation of application Ser. No. 12/542,882,
filed Aug. 18, 2009, now U.S. Pat. No. 7,929,330, for which
a claim for priority under 35 U.S.C §119 1s made to Korean
Patent Application No. 10-2008-0090752, filed on Sep. 16,
2008, the entirety of which 1s hereby incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor memory
device, and more particularly, the present invention relates to
a nonvolatile memory device, an operating method thereof,
and a memory system including the same.

2. Description of the Related Art

Semiconductor memory devices are storage devices that
store data and output the stored data as needed. Semiconduc-
tor memory devices may be characterized as either volatile
memory devices or nonvolatile memory devices. A volatile
memory device 1s amemory device which loses its stored data
when power to the device 1s cut off Examples of volatile
memory devices include SRAM, DRAM, SDRAM, and the
like. A nonvolatile memory device 1s a memory device which
retains 1ts stored data even in the event that power to the

device 1s cut-oil Examples of nonvolatile memory devices
include ROM, PROM, EPROM, EEPROM, flash memory

device, PRAM, MRAM, RRAM, FRAM, and the like. In
general, a tlash memory device can be characterized as either
being a NOR type or a NAND type.

A nonvolatile memory device includes a plurality of non-
volatile memory cells. Repetitive program/erase operations
of the nonvolatile memory device eventually cause deterio-
ration of nonvolatile memory cells, thus changing 1ts operat-
ing properties. As operating properties and reliability of non-

volatile memory devices are lowered due to deterioration of

the nonvolatile memory cells, operating speed of the nonvola-

tile memory devices may also be lowered. Thus, an object of

the invention 1s to secure read margin, prevent read errors and
improve operating speed of a nonvolatile memory device.

SUMMARY OF THE INVENTION

The above and other objects are achieved by providing a
nonvolatile memory device which includes a memory cell
array; a voltage generator configured to provide stepwise
increasing step pulses for varying logic states of memory cells
in the memory cell array; and a control logic configured to
adjust an 1n1tial voltage of the stepwise increasing step pulses
according to a number of the stepwise increasing step pulses
provided.

The above and other objects are also achieved by further
providing an operating method of a nonvolatile memory
device which includes supplying memory cells with stepwise
increasing step pulses for varying logic states of the memory
cells; comparing a number of the stepwise increasing step
pulses supplied for varying the logic states of the memory

cells with a number of step pulses needed for an operation of

the nonvolatile memory device; and adjusting an 1nitial volt-
age of the stepwise increasing step pulses according to a
comparison result.
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The above and other objects may also be achieved by still
further providing a memory system which includes a non-
volatile memory device; and a controller configured to con-
trol the nonvolatile memory device, wherein the nonvolatile
memory device includes a memory cell array, a voltage gen-
erator configured to provide stepwise increasing step pulses
for varying logic states of memory cells 1n the memory cell
array, and a control logic configured to adjust an 1nitial volt-

age ol the stepwise increasing step pulses according to a
number of the stepwise increasing step pulses provided.

BRIEF DESCRIPTION OF THE FIGURES

The above and other objects and features will become
apparent with reference to the following figures, wherein like
reference numerals refer to like parts throughout the various
figures unless otherwise specified, and wherein:

FIG. 1 1s a block diagram showing a memory system:;

FIG. 2 15 a block diagram showing a nonvolatile memory
device of the memory system shown 1n FIG. 1, according to
an embodiment of the invention;

FIG. 3 1s a block diagram showing details of an 1nitial
voltage controller of FIG. 2;

FIG. 4 1s a diagram for describing operation of the non-
volatile memory device;

FIG. 5 1s a flowchart for describing an operation of the
nonvolatile memory device;

FIG. 6 15 a block diagram showing a nonvolatile memory
device of the memory system shown 1n FIG. 1, according to
another embodiment of the present invention;

FIG. 7 1s a diagram for describing operation of the non-
volatile memory device of FIG. 6;

FIG. 8 1s a flowchart for describing an operation of the
nonvolatile memory device of FIG. 6;

FIG. 9 15 a block diagram showing a nonvolatile memory
device of FIG. 1 according to a still further embodiment;

FIG. 10 1s a flowchart for describing an operation of the
nonvolatile memory device of FIG. 9; and

FIG. 11 1s a block diagram showing a computing system
including a memory system of FIG. 1.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

A nonvolatile memory device according to the various
embodiments may include a memory cell array, a voltage
generator for providing stepwise 1ncreasing step pulses for
varying logic states ol memory cells in the memory cell array,
and control logic for controlling an initial voltage of the
stepwise 1ncreasing step pulses according to the number of
the stepwise increasing step pulses applied to vary logic states
of memory cells. The various embodiments will hereinafter
be more fully described with reference to accompanying
drawings. The inventive concept may however be embodied
in different forms and should not be construed as limited to
the embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough, and will
tully convey the scope of the embodiments to those skilled 1n
the art.

FIG. 1 1s a block diagram showing a memory system
according to the various embodiments. Referring to FIG. 1, a
memory system 10 may include a nonvolatile memory device
200 and a controller 100.

The nonvolatile memory device 200 may include a
memory cell array, a voltage generator for providing stepwise
increasing step pulses for varying logic states of memory cells
in the memory cell array, and control logic for controlling an
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initial voltage of the stepwise increasing step pulses accord-
ing to the number of the stepwise increasing step pulses
applied to vary the logic states of the memory cells. The
nonvolatile memory device will heremafter be more fully
described with reference to FIGS. 2 to 10.

The controller 100 shown 1n FIG. 1 may be connected with
a host (not shown) and the nonvolatile memory device 200.

The controller 100 reads data from the nonvolatile memory
device 200 and transiers the read data to the host. The con-
troller 100 also recerves data transferred from the host and
stores the recerved data 1n the nonvolatile memory device
200. The controller 100 may include constituent elements
such as RAM, a processing unit, a host interface, a memory
interface, and the like. For example, the RAM may be used as
an operating memory of the processing unit. The processing
unit may control an overall operation of the controller 100.
The host interface may include a protocol for exchanging data
between the host and the controller 100. In exemplary
embodiments, the controller 100 may be configured to com-
municate with one of various interface protocols such as
Universal Serial Bus (USB), Multi Media Card (MMC),
Peripheral Component Interconnect Bus Express (PCI-E),
Advanced Technology Attachment (ATA), Sernal-ATA
(SATA), Parallel-ATA (PATA), Small Computer System
Interface (SCSI), Enhanced Small Device Interface (ESDI),
Integrated Drive Electronics (IDE), and the like. The memory
interface may interface with the nonvolatile memory device
200. The controller 100 may further include an error correct-
ing block, which detects an error of data read from the non-
volatile memory device 200 and corrects the detected error.

The controller 100 and the nonvolatile memory device 200
can be integrated into one semiconductor device. The con-
troller 100 and the nonvolatile memory device 200 may be
integrated to form a memory card. For example, the controller
100 and the nonvolatile memory device 200 may be inte-
grated nto one semiconductor device to form a PC card
(originally PCMCIA or PCMCIA card), a Compact Flash
(CF) card, a Smart Media (SM) Card, a memory stick, a Multi
Media Card (MMC, RS-MMC, MMCmicro), a Secure Digi-
tal card (SD, miniSD, microSD), a Universal Flash storage
(UFS), and the like. The controller 100 and the nonvolatile
memory device 200 may be integrated 1nto one semiconduc-
tor device to form a Solid State Disk/Drive (SSD). In the case
where the memory system 10 1s used as an SSD, an operating,
speed ol a host connected with the memory system 10
becomes higher.

FIG. 2 1s a block diagram showing a nonvolatile memory
device 200 of the memory system 10 of FIG. 1. Referrning to
FIG. 2, the nonvolatile memory device 200 may include a
memory cell array 210, a read/write circuit 220, an address
decoder 230, and control logic 240.

The memory cell array 210 1s connected to the read/write
circuit 220 via bit lines BL, and to the address decoder 230 via
word lines WL. The memory cell array 210 may include a
plurality of nonvolatile memory cells. Data transferred from
the read/write circuit 220 1s stored in nonvolatile memory
cells of the memory cell array 210.

The nonvolatile memory cells of the memory cell array 210
may be variable resistance memory cells each having a phase
change material and set to a resistance value varied according
to an applied temperature. As an alternative, the nonvolatile
memory cells of the memory cell array 210 may be variable
resistance memory cells which are set to a resistance value
varied according to a magnetic filed. As a still further alter-
native, the nonvolatile memory cells of the memory cell array
210 may be ferroelectric memory cells each storing data
according to a polarization state varied when a given voltage
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1s applied to the ferroelectric memory cells. Also, the non-
volatile memory cells of the memory cell array 210 may be
formed to store data by accumulating/capturing charge 1n a
charge storing layer (e.g., formed of conductor or isulator)
according to a given voltage.

The memory cell array 210 may include a plurality of
memory blocks BLLK1 to BLKn, each of which has a plurality
of nonvolatile memory cells. The memory cell array 210 of
the nonvolatile memory device 200 may further comprise a
storage space CV_BLK for storing a control value CV. In
FIG. 2, the storage space CV_BLK 1s illustrated to be a
separate memory block. However, the control value CV 1s not
limited to be stored 1n a separate memory block. For example,
the control value CV can be stored in memory blocks BLK1
to BLKn.

The read/write circuit 220 may select bit lines BL 1n
response to a decoded address from the address decoder 230.
The read/write circuit 220 may select bit lines BL in response
to a decoded column address from the address decoder 230.
The read/write circuit 220 may operate in response to the
control of the control logic 240.

The read/write circuit 220 of the nonvolatile memory
device 210 may include a Program Pulse (PP) counter 221.
The PP counter 221 may count the number of stepwise
increasing step pulses applied to the memory cell array 210
during a program operation. For example, it four step pulses
are applied until memory cells of the memory cell array 210
are passed as programmed, a value counted by the PP counter
221 would be 4.

The read/write circuit 220 may read a control value CV
from the memory cell array 210. In particular, the read/write
circuit 220 may read the control value CV from the memory
cell array during a read operation which 1s carried out at the
time the system 1s powered-on. As an alternative, the read/
write circuit 220 may read the control value CV from the
memory cell array 210 1n response to control by control logic
240. The read/write circuit 220 may output the control value
CV read from the memory cell array 210 and a program pulse
count value PPC of the PP counter 221 to control logic 240.

The read/write circuit 220 may exchange data with an
external device. In particular, the read/write circuit 220 may
exchange data with controller 100 in FIG. 1. The read/write
circuit 220 may write data transierred from the controller 100
into the memory cell array 210, and may transfer data read
from the memory cell array 210 to the controller 100. The
read/write circuit 220 may include elements for performing
read and write operations. The read/write circuit 220 may
include elements such as a page butfer, a column pass gate, a
data bufter, and the like. As an alternative, the read/write
circuit 221 may include elements such as a write driver, a
sense amplifier, a data buffer, and the like.

In FIG. 2, the PP counter 221 1s 1llustrated as an element of
the read/write circuit 220. However, the PP counter 221 1s not
limited as an element of the read/write circuit 220. As an
alternative, the PP counter 221 can be incorporated 1n the
control logic 240 or the address decoder 230. As a further
alternative, the PP counter 221 can be incorporated 1n func-
tion blocks different from the function blocks illustrated in
FIG. 2. Also, 1t should be understood that the PP counter 221
can be formed independently of the function blocks 1llus-
trated 1n F1G. 2. That 1s, 1t should be understood that a location
of the PP counter 221 1s not limited to placement as shown 1n
FIG. 2. Regardless of the location, the PP counter 221 must
perform the function of counting the number of program
pulses applied during a program operation.

The address decoder 230 may receive an address ADDR

from an external device. In particular, the address decoder
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230 may receive an address ADDR provided from controller
100 of FIG. 1. The address decoder 230 may decode the
address ADDR to select word lines WL and supply a decoded
address to the read/write circuit 220. The address decoder
ADDR may include a row decoder for decoding a row address
and a column decoder for decoding a column address. The
address decoder 230 may supply the memory cell array 210
via the word lines WL with a program voltage/current pro-
vided from the controllogic 240 for a program operation. The
address decoder 230 may operate responsive to the control of
the control logic 240.

The control logic 240 1s connected to the read/write circuit
220 and the address decoder 230. The control logic 240 may
be configured to control an overall operation of the nonvola-
tile memory device 200. The control logic 240 may operate
responsive to a control signal CTRL from an external device.
Control signal CTRL may be provided from controller 100 of
FIG. 1.

The control logic 240 may be configured to store a control
value CV ftransferred from the read/write circuit 220. The
control logic 240 may be configured to store the control value
CV from the read/write circuit 220 during a read operation
which 1s conducted when the system 1s powered-on. As an
alternative, the control logic 240 may be configured to control
the read/write circuit 220 to read the control value CV and
store the read control value CV transterred from the read/
write circuit 220. The control logic 240 may also recetve the
program pulse count value PPC from the PP counter 221.

The control logic 240 may 1nclude an 1nitial voltage con-
troller 241 and a voltage generator 243. The 1nitial voltage
controller 241 may compare the control value CV and the
program pulse count value PPC to control an initial voltage
Vini. In particular, the initial voltage controller 241 may
control a program 1nitial voltage Vini_p.

The voltage generator 243 may generate voltages for
execution of a program operation. The voltage generator 243
may generate a stepwise mcreasing step pulse to be provided
to the address decoder 230. For example, the voltage genera-
tor 243 may generate a stepwise increasing program pulse,
which 1s stepwise increased from a program initial voltage
Vini_p.

FIG. 3 1s a block diagram showing details of an initial
voltage controller 241 of FIG. 2. As shown, initial voltage
controller 241 may include a control value register 245 and a
control value calculator 247. The control value register 2435
may store a control value CV transferred from a read/write
circuit 220 of FIG. 2. The control value calculator 247 may
receive the control value CV from the control value register
245 and a program pulse count value PPC from the read/write
circuit 220. The control value calculator 247 may compare the
received values CV and PPC to generate a flag signal Flag.

FIG. 4 1s a diagram for describing operation of the non-
volatile memory device 200 of FIG. 2. In FIG. 4, the horizon-
tal axis indicates a program/erase number, and the vertical
ax1s indicates a voltage. Operation of the nonvolatile memory
device 200 will hereinafter be more fully described with
reference to FIGS. 2 to 4.

During a program/erase operation, the nonvolatile memory
device 200 may perform a program/erase operation using a
stepwise 1ncreasing step pulse. As a program/erase operation
1s repeated over time, a voltage level required for the program/
erase operation can be varied. In the case of a flash memory
device, charge 1s accumulated at an insulating film between a
charge storing layer and a substrate. In this case, a voltage
level required to program flash memory cells 1s lowered,
while a voltage level required to erase flash memory cells 1s
increased. Similar to flash memory devices, other nonvolatile
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memory devices such as PRAM, RRAM, MRAM, EER-
POM, etc. may sutler from such a phenomenon that a voltage
level required for a program/erase operation 1s varied due to
deterioration of memory cells.

The nonvolatile memory device 200 of this embodiment 1s
configured to compensate for variation of voltage level
required for a program/erase operation, the variation caused
due to repetition of the program/erase operation. This will be
hereinafter described 1n more detail as follows.

In FIG. 4, a line Vpgm 1ndicates a voltage level required at
a program operation, and a line Vini_p indicates an initial
voltage of a stepwise 1increasing program pulse. AV indicates
an mcrement of the program pulse. In FIG. 4, the program
pulse 1s stepwise increased by AV from the program initial
voltage Vini_p. If the program pulse 1s stepwise increased
three times from the program 1nitial voltage Vini_p, it reaches
the program voltage Vpgm. In FIG. 4, the program pulse 1s
illustrated to be stepwise increased three times. However, 1t
should be understood that the number of the program pulses
1s not limited as disclosed above.

A level of a program voltage Vpgm required at a program
operation decreases according to repetitive program/erase
operations. In a case where a program/erase number reaches
a point of time tl, the program imtial voltage reaches the
program voltage Vpgm 1f the program pulse 1s stepwise
increased twice. That 1s, the number of program pulses
applied at a program operation 1s reduced from 3 to 2. If the
number of program pulses 1s reduced, a threshold voltage
distribution of programmed memory cells 1s widened. This
causes a decrease 1n read margin, thus generating read error.

In the case of a conventional flash memory device,
although memory cells are deteriorated, a program 1nitial
voltage 1s set such that program pulses over a given number
are applied to memory cells. That 1s, although a program
voltage Vpgm 1s lowered due to deterioration of memory
cells, aprogram 1nitial voltage 1s set to alow level. This means
that program pulses over a given number are applied to
memory cells. IT a program 1nitial voltage 1s set to a low level,
the number of program pulses applied to memory cells when
memory cells are not deteriorated suificiently, 1s more than
the number of program pulses applied to memory cells when
memory cells are deteriorated suificiently. That 1s, a program
time 1ncreases when a program imtial voltage 1s set to a low
level as compared to the case that memory cells are deterio-
rated.

The nonvolatile memory device 200 according to this
embodiment increases read margin, prevents/reduces read
error, and reduces a program time, by maintaining the number
of program pulses applied at program operations. In this
embodiment, the nonvolatile memory device 200 maintains
the number of program pulses by adjusting/controlling a pro-
gram 1nitial voltage Vini_p.

The control value calculator 247 of FIG. 3 may compare a
control value CV and a program pulse count value PPC. The
control value CV may indicate the number of program pulses
needed at a program operation. For example, the control value
CV may be the number of program pulses for programming
memory cells so that a threshold voltage distribution of the
memory cells exists within a given range. For convenience of
description, 1t 1s assumed that the number of program pulses
needed at a program operation 1s 3. That 1s, 1t 1s assumed that
the control value CV 1s 3. However, 1t should be understood
that the number of program pulses 1s not limited to 3.

As 1llustrated 1n FIG. 4, 1f nonvolatile memory cells are
deteriorated due to repetition of program/erase operations, a
reduced program voltage Vpgm 1s needed at a program opera-
tion. At tl, the number of program pulses applied at a program
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operation 1s reduced from 3 to 2 due to reduction of the
program voltage Vpgm. That 1s, a program pulse count value
PPC 1s reduced to 2 from 3. On the other hand, control value
register 245 may store a value o1 3 as a control value CV. I the
control value CV and the program pulse count value PPC are
different from each other, control value calculator 247 may
generate a flag signal Flag. When the flag signal Flag is
generated, voltage generator 243 may reduce an 1nitial volt-
age Vini_p ol a program pulse. In this embodiment, voltage

generator 243 reduces an 1nitial voltage Vini_p of a program
pulse by AV.

As should be understood 1n FIG. 4, if a program 1nitial
voltage Vini_p 1s lowered at t1, the number of program pulses
1s increased from 2 to 3. That 1s, the number of program pulses
would then be maintained as identical before and after t1.
Thus, read margin becomes improved, and read error 1s pre-
vented or reduced.

As should be further understood in view of FIG. 4, at t2 the
number of program pulses needed at a program operation 1s
reduced from 3 to 2. Accordingly, the control value calculator
247 generates the tlag signal Flag, and the voltage generator
243 reduces a program initial voltage Vini_p. As a result, the
number of program pulses would be maintained as 1dentical
betfore and after t2. Thus, read margin becomes improved, and
read error 1s prevented or reduced.

As described above, the nonvolatile memory device 200 1s
configured to maintain the number of program pulses con-
stant even though program/erase operations are repeated.
This means that a program time 1s reduced.

The control value CV may additionally include informa-
tion corresponding to a program 1nitial voltage Vini_p.
Between t1 and t2, the program inmitial voltage Vini_p 1is
reduced once from an 1nitial level. The control value CV may
include information corresponding to the number reduced
from the 1mitial level. During a read operation conducted at
power-on (hereinatter referred to as a power-on read opera-
tion), the control value calculator 247 may adjust the program
initial voltage Vimi_p with reference to the control value CV.
In the case that the program 1nitial voltage Vini_p 1s changed
due to repetition of program/erase operations, the control
value calculator 247 may update the control value CV 1n the
control value register 245. Control logic 240 of FIG. 2 may
update a control value CV within storage space CV_BLK.

As an alternative, 1t should be understood that the control
value CV may be stored 1n nonvolatile control value register
245 mstead of 1n memory cell array 210.

The voltage generator 243 may vary a program initial volt-
age Vini_p, for example, using a well-known voltage trim
circuit. In the case where a trim circuit for varying a program
initial voltage Vini_p stores its level as nonvolatile informa-
tion using electric fuses, it would be sutficient for the control
value CV to indicate the number of program pulses needed at
a program operation. That 1s, information corresponding to a
program 1nitial voltage Vini_p 1s not required. In such a case,
the control value CV may be mformation indicative of the
number of program pulses needed at a program operation, and
such imnformation 1s maintained constantly. Accordingly, con-
trol value register 245 may be replaced with a circuit that
generates a value corresponding to the number of program
pulses needed at a program operation.

FIG. 5 1s a flowchart for describing an operation of the
nonvolatile memory device of FIG. 2. Referring to FIGS. 2 to
5, 1 step S110 a control value CV 1s read out from a memory
cell array 210 during a power-on read operation. The control
value CV 1s stored in control value register 2435 of control

logic 240.
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If a program command 1s recerved 1n step S120, the proce-
dure advances to step S130, in which a program operation 1s
executed. An mitial voltage generator 241 sets up a program
initial voltage Vini_p 1n response to a control value CV. A
voltage generator 243 generates program pulses which are
stepwise increased from the program initial voltage Vini_p.
At this time, PP counter 221 of read/write circuit 220 counts
the number of program pulses applied to memory cell array
210.

In step S140, it 1s judged whether the number of program
pulses 1s reduced. A control value calculator 247 compares
the control value CV and the program pulse count value PPC.
If the control value CV 1s more than the program pulse count
value PPC, the control value calculator 247 generates a flag
signal Flag, and the procedure advances to Step S150. On the
other hand, upon determination in Step S140 that the number
of pulses 1s not decreased, the operation 1s ended.

In step S150, the control value CV 1s updated. The initial
voltage controller 241 adjusts the program initial voltage
Vini_p 1n response to the flag signal Flag. Control logic 240
updates the control value CV, and the updated control value
indicates that the program initial voltage Vini_p 1s adjusted.

In step S160, the updated control value CV 1s written nto
memory cell array 210. The control logic 240 may write the
control value CV into the memory cell array 210 at a power-
off operation. As an alternative, the control logic 240 may
write the control value CV 1n the memory cell array 210
whenever the control value CV 1s updated.

As described above, the nonvolatile memory device 200
according to this embodiment includes a memory cell array
210, a voltage generator 243 for providing stepwise increas-
ing step pulses for changing logic states of memory cells 1n
the memory cell array 210, and control logic 240 for adjusting
an 1mtial voltage of the stepwise increasing step pulses
according to the number of the step pulses. Read margin 1s
thus secured, and read error 1s consequently prevented or
reduced.

FIG. 6 15 a block diagram showing a nonvolatile memory
device 300 according to another embodiment of the mven-
tion. Referring to FIG. 6, the nonvolatile memory device 300
may include amemory cell array 310, aread/write circuit 320,
an address decoder 330, and control logic 340.

The memory cell array 310 includes a storage space
CV_BLK for storing a control value CV. In this embodiment,
the control value CV may include a level of an erase initial
voltage Vini_e and the number of erase pulses required at an
erase operation. The memory cell array 310 1s substantially
identical to that of FIG. 2, except for the control value CV
stored in the memory cell array 310, and description thereof s
thus omitted for convenience.

The read/write circuit 320 includes an erase pulse counter
321, which counts the number of erase pulses applied to the
memory cell array 310 during an erase operation. An erase
pulse count value EPC 1s sent to the control logic 340. The
read/write circuit 320 1s substantially identical to that of FIG.
2 except for the erase pulse counter 321, and description
thereof 1s thus omitted. As described with reference to FIG. 2,
the erase pulse counter 321 1s not limited to being located 1n
read/write circuit 320. That 1s, 1t should be understood that the
location of erase pulse counter 321 i1s not limited by this
description.

The address decoder 1s substantially identical to that of
FIG. 2, and description thereof 1s thus omaitted.

The control logic 340 may control an overall operation of
the nonvolatile memory device 300. The control logic 340
may include an initial voltage controller 341 and a voltage
generator 343. The 1nitial voltage controller 341 may control
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an erase 1nitial voltage Vini_e of stepwise increasing erase
pulses. The voltage generator 343 may generate erase pulses
stepwise increased from the erase initial voltage Vini_e dur-
Ing an erase operation.

The 1nitial voltage controller 341 1s substantially identical
to that shown 1n FIG. 3, except for storing an erase pulse count
value EPC 1nstead of a program pulse count value PPC and
except for adjusting an erase 1nitial voltage Vini_e instead of
a program initial voltage Vini_p, and description thereof 1s
thus omitted. As described with reference to FI1G. 3, the initial
voltage controller 341 may be formed of a control value
register and a control value calculator. The 1nitial voltage
controller 341 may generate a flag signal Flag by comparing
the control value CV and the erase pulse count value EPC.

FI1G. 7 1s a diagram for describing an operation of nonvola-
tile memory device 300 of FIG. 6. In FIG. 7, the horizontal
axis 1indicates a program/erase number, and the vertical axis
indicates a voltage. Operation of a nonvolatile memory device
300 will hereinafter be more fully described with reference to
FIGS. 6 and 7.

During a program/erase operation, a nonvolatile memory
device 300 may conduct a program/erase operation using
stepwise increasing step pulses. As a program/erase operation
1s repeated, a voltage level needed for the program/erase
operation may be varied. In the case of a flash memory device,
the charge may be trapped at an msulating layer between a
charge storing layer and a substrate. In this case, a voltage
level needed for a program operation of tlash memory cells 1s
lowered, while a voltage level for an erase operation thereot 1s
increased. Similar to the flash memory device, nonvolatile
memory devices such as PRAM, RRAM, MRAM, EEPROM,
ctc. may suiler from variation of a voltage level needed at a
program/erase operation due to deterioration of the memory
cells.

The nonvolatile memory device 300 compensates for the
variation of voltage level needed at a program/erase opera-
tion, the variation caused due to repetition of a program/erase
operation. Operation of a nonvolatile memory device such as
a flash memory device will be described heremafter.

In FIG. 7, a line Vera indicates a voltage level needed at an
erase operation, and a line Vini_e indicates an 1nitial voltage
ol a stepwise increasing erase pulse. AV 1ndicates an incre-
ment by which an erase pulse 1s increased during repetition of
an erase operation. In FIG. 7, an erase initial voltage Vini_e
reaches an erase voltage Vera when the erase 1nitial voltage
Vini_e 1s stepwise increased three times. However, 1t should
be understood that, 1n general, the number of times an erase
pulse 1s stepwise increased to reach an earase voltage 1s not
limited to three times.

As program/erase operations are repeated over time, a level
of an erase voltage Vera needed at an erase operation 1s
gradually increased. In the case where a program/erase num-
ber reaches tl, 1 the erase pulse i1s stepwise increased four
times, the erase pulse would reach the erase voltage Vera.
However, if 1t 1s necessary to increase the number of erase
pulses for an erase operation, a time needed to perform an
erase operation may become longer. That 1s, an operating
speed of the nonvolatile memory device 300 may be lowered.

The nonvolatile memory device 300 according to this
embodiment 1mproves operating speed by maintaining the
number of erase pulses applied during erase operations. In
particular, the nonvolatile memory device 300 maintains the
number of erase pulses by adjusting an erase initial voltage
Vini_e.

In detail, the control value calculator of the imitial voltage
controller 341 compares a control value CV and an erase
pulse count value EPC. The control value CV may be the
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number of erase pulses needed at an erase operation. For
simple description, 1t 1s assumed that the number of erase
pulses needed at an erase operation 1s 3. That 1s, the control
value CV 1s 3. However, 1t should be understood that the
number of erase pulses 1s not limited to 3.

Attl, an erase pulse count value EPC 1s increased from 3 to
4. On the other hand, the control value register of initial
voltage controller 341 may store 3 as the control value CV. IT
the erase pulse count value EPC 1s more than the control value
CV, the control value calculator may generate a flag signal
Flag. If the flag signal Flag 1s generated, voltage generator
343 may increase an erase initial voltage Vini_e of an erase
pulse as shown attl in FIG. 7. In FIG. 7, the voltage generator
343 increases the erase mitial voltage Vini_e by V. As 1llus-
trated 1n FIG. 7, 1f an erase 1nitial voltage Vini_e 1s increased
at t1, the number of erase pulses applied at an erase operation
1s reduced from 4 to 3. That 1s, the number of erase pulses 1s
maintained identically before and after t1. Thus, an operating,
speed of the nonvolatile memory device 300 1s improved.

At 12 1n FIG. 7, the number of erase pulses applied at an
erase operation 1s increased from 3 to 4. Accordingly, the
control value calculator generates a flag signal Flag, and
voltage generator 343 increases the erase imitial voltage
Vini_e. At this time, the number of erase pulses applied at an
erase operation 1s reduced from 4 to 3. That 1s, the number of
erase pulses 1s maintained identically before and after 2.
Thus, operating speed of the nonvolatile memory device 300
1s improved.

The control value CV may additionally include informa-
tion corresponding to the erase initial voltage Vini_e. In
exemplary embodiments, the erase mnitial voltage Vini_e
increases once from an initial level between t1 and t2. The
control value CV may include information corresponding to
the number increased from an 1nitial level of the erase nitial
voltage Vini_e. At a power-on read operation, the control
value calculator may adjust the erase initial voltage Vini_e
with reference to the control value CV. If the erase initial
voltage Vini_e 1s varied due to repetition of the program/erase
operation, the control value calculator may update the control
value CV stored 1n the control value register. Control logic
340 may also update the control value CV of a storage space
in a memory cell array 310.

It should be understood that the control value CV may be
stored as nonvolatile information 1n a control value register
instead of the memory cell array 310.

The voltage generator 343 may vary the erase initial volt-
age Vini_e using a circuit such as a voltage trim circuit. In the
case where a trim circuit for varying the erase 1nitial voltage
Vini_e stores its level as nonvolatile information using elec-
tric fuses, 1t would be sufficient for the control value CV to
indicate the number of erase pulses needed at an erase opera-
tion. That 1s, information corresponding to the erase initial
voltage Vini_e 1s not needed. In such a case, 1t should be
understood that the control value register may be replaced
with a circuit for generating a value corresponding to the
number of erase pulses needed at an erase operation.

FIG. 8 1s a flowchart for describing an operation of a
nonvolatile memory device 300 of FIG. 6. Referring to FIGS.
6 to 8, 1n step S210, a control value CV may be read out from
memory cell array 310 during a power-on read operation. The
control value CV thus read may be stored in a control value
register of control logic 340.

If an erase command 1s mnput 1n step S220, the procedure
advances to step S230, in which an erase operation 1s made.
Initial voltage controller 341 sets up an erase 1nitial voltage
Vini_e in response to the control value CV. Voltage generator
343 generates erase pulses stepwise increased from the erase
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initial voltage Vini_e. At this time, erase pulse counter 321 of
a read/write circuit 320 counts the number of erase pulses
applied to the memory cell array 310.

In step S240, there 1s judged whether the number of erase
pulses 1s increased. A control value calculator 347 compares
the control value CV and an erase pulse count value EPC. IT
the control value CV 1s different from the erase pulse count
value EPC, control value calculator generates a flag signal
Flag.

In step S250, the control value CV 1s updated. Control logic
340 adjusts an erase 1nitial voltage Vini_e 1n response to the
flag signal Flag and updates the control value CV. The
updated control value CV indicates that the erase mnitial volt-
age Vini_e 1s adjusted.

In step S260, the control value CV thus updated 1s written
in the memory cell array 310. At a power-oil operation, the
control logic 340 may write the control value CV in the
memory cell array 310. As an alternative, control logic 340
may write the control value CV 1n memory cell array 310
whenever 1t 1s updated.

As described above, the nonvolatile memory device 300
according to this embodiment includes memory cell array
310, voltage generator 343 for providing stepwise increasing
step pulses for changing logic states of memory cells 1n the
memory cell array 310, and control logic 340 for adjusting an
initial voltage of the step pulses according to the number of
step pulses. In accordance with the described embodiment, an
operating speed of the nonvolatile memory device 300 1s
improved.

A nonvolatile memory device according to one embodi-
ment has been described with reference to FIGS. 210 5, and a
nonvolatile memory device according to another embodiment
has been described with reference to FIGS. 6 to 8. It should
however be understood that devices and methods for adjust-
ing a program imtial voltage, and devices and methods for
adjusting an erase 1nitial voltage, may be implemented 1n one
nonvolatile memory device.

In exemplary embodiments, a read/write circuit includes a
program pulse counter 221 and an erase pulse counter 321,
and control logic may control program and erase 1nitial volt-
ages Vini_p and Vini_e using a control value CV, a program
pulse count value PPC, and an erase pulse count value EPC.

It should also be understood that 1n an additional embodi-
ment, nonvolatile memory device 200 may be configured to
adjust both a program initial voltage Vini_p and an erase
initial voltage Vini_e 1n response to a program pulse count
value PPC. For example, 11 a program pulse count value PPC
1s changed, that 1s when 1t 1s reduced for example, nonvolatile
memory device 200 reduces a program 1nitial voltage Vimi_p
and 1ncreases an erase 1nitial voltage Vini_e. At this time, a
control value storing region/space CV_BLK may store infor-
mation associated with the program and erase initial voltages
Vini_p and Vini_e. An erase imitial voltage controlling
method of the nonvolatile memory device 200 may be carried
out 1n the same manner as described 1n FIGS. 6 to 8, except
that a control value CV 1s compared with a program pulse
count value PPC 1nstead of an erase pulse count value EPC.

It should also be understood that in a still additional
embodiment, nonvolatile memory device 300 of FIG. 6 may
control both a program 1mtial voltage Vimi_p and an erase
initial voltage Vini_e in response to an erase pulse count value
EPC. For example, 11 the erase pulse count value EPC 1is
changed, that 1s when it 1s increased for example, the non-
volatile memory device 300 reduces a program initial voltage
Vini_p and increases an erase initial voltage Vini_e. At this
time, a control value storing space CV_BLK may store infor-
mation associated with program and erase initial voltages
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Vini_p and Vini_e. A program mitial voltage controlling
method of the nonvolatile memory device 300 1s carried out in
the same manner as described 1 FIGS. 2 to 5 except that a
control value CV 1s compared with an erase pulse count value
EPC mstead of a program pulse count value PPC.

FIG. 9 15 a block diagram showing a nonvolatile memory
device 400 according to a still further embodiment. Referring
to FIG. 9, a nonvolatile memory device 400 may include a
memory cell array 410, a read/write circuit 420, an address
decoder 430, and control logic 440.

The memory cell array 410 1s formed of a plurality of
storage regions BLLK1 to BLKn. Each of plurality of storage
regions BLK1 to BLKn may correspond to a memory block.
In other exemplary embodiments, each of plurality of storage
regions BLK1 to BLKn may correspond to a single-level
storage region and a multi-level storage region. In still other
exemplary embodiments, each of plurality of storage regions
BLK1 to BLKn may correspond to a user data region and a
meta data region. In other exemplary embodiments, each of
plurality of storage regions BLLK1 to BLKn may correspond
to a data storage region and a code storage region.

The plurality of storage regions BLK1 to BLKn may
include corresponding control value storage regions CV1 to
CVn, respectively. The control value storage region CV2 may
store a control value CV2 corresponding to the storage region
BILLK2. The control value storage region CVn may store a
control value CV2 corresponding to the storage region BLKn.
The control value storage regions CV1 to CVn may be spare
or flag regions each corresponding to the storage regions
BLK1 to BLKn, respectively.

The memory cell array 410 1s substantially identical to that
of FIG. 2 and FIG. 6 except for the control value storage
regions CV1 to CVn, and description thereof 1s thus omitted.

The read/write circuit 420 may include a program/erase
pulse counter 421. The program/erase pulse counter 421 may
count the number of program pulses applied to the memory
cell array 410 at a program operation, and the number of erase
pulses applied to the memory cell array 410 at an erase opera-
tion. The read/write circuit 420 1s substantially 1dentical with
that of FIGS. 2 and 6 except for the program/erase pulse
counter 421, and description thereof 1s thus omitted.

As described with reference to FIGS. 2 and 6, the location

of program/erase pulse counter 421 1s not limited to the read/
write circuit 420.

The address decoder 430 1s substantially identical to that of
FIGS. 2 and 6, and description thereot 1s thus omitted.

The control logic 440 may control an overall operation of
the nonvolatile memory device 400. The control logic 440
may include an initial voltage controller 441 and a voltage
generator 443. As described 1n FIGS. 2 to 5, the in1tial voltage
controller 441 compares a program pulse count value PPC
and a control value CV to control a program initial voltage
Vini_p according to a comparison result. As described with
reference to FIGS. 6 to 8, the mitial voltage controller 441
compares an erase pulse count value EPC and a control value
CV to control an erase mitial voltage Vini_e according to a
comparison result.

The voltage generator 443 generates program/erase pulses
cach having a predetermined level in response to a flag signal
Flag from the initial voltage generator 441. The control logic
440 1s substantially 1dentical to that of FIGS. 2 and 6 except
for the mitial voltage controller 441 and the voltage generator
443, and description thereof 1s thus omaitted.

As described with reference to FIG. 3, the imitial voltage
controller 441 may be formed of a control value register and
a control value calculator. The control value calculator may
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compare control values CV1 to CVn and a program/erase
pulse count value PPC/EPC to generate a tlag signal Flag.

FIG. 10 1s a flowchart for describing an operation of a
nonvolatile memory device 400 of FI1G. 9. Referring to FIGS.
9 and 10, 1n step S310, there 1s judged whether a program/
crase command 1s transierred. If a program/erase command 1s
transierred, the procedure advances to step S320, 1n which
read/write circuit 420 reads a control value (e.g., CV2)of a
storage region (e.g., BLK2) of storage regions BLK1 to
BLKn corresponding to the mput program/erase command
and transters the read control value to control logic 440. The
control logic 440 stores the control value CV2 sent from the
read/write circuit 420 1n the control value register.

If a program command 1s transferred at step S310, the
read/write circuit 420 may read information related to a pro-
gram operation from a control value storage region CV2. For
example, the read/write circuit 420 may read from the control
value storage region CV2 the number of program pulses
needed at a program operation and mformation indicating,
whether a program 1nitial voltage Vini_p of the storage region
BLK2 1s adjusted or not.

If an erase command 1s transierred at step S310, the read/
write circuit 420 may read information, associated with an
erase operation, from the control value storage region CV2 of
the storage region corresponding to the erase command. For
example, the read/write circuit 420 may read from the control
value storage region CV2 the number of erase pulses needed
at an erase operation and information indicating whether an
crase 1nitial voltage Vini_e of the storage region BLK2 1s
adjusted or not.

In step S330, a program/erase operation 1s made. The volt-
age generator 443 may supply the memory cell array 410 with
program/erase pulses stepwise increased from the program/
crase 1nitial voltage Vini_p/Vini_e.

In step S340, there 1s judged whether the number of pro-
gram/erase pulses 1s varied. The control logic 440 compares
the control value CV2 in the control value register with the
program/erase pulse count value PPC/EPC. If the program
command 1s transferred in step S320 and the control value
CV2 1s different from the program pulse count value PPC, the
control logic 440 reduces the program 1mitial voltage Vini_p.
If the erase command 1s transierred in step S320 and the
control value CV2 1s different from the erase pulse count
value EPC, the control logic 440 increases the erase initial
voltage Vini_e. If the number of program/erase pulses 1s
varied, the procedure goes to step S350, 1n which the control
value CV2 1s updated. The control logic 440 may update the
control value CV2 stored 1n the control value register.

In step S360, the control value CV2 thus updated 1s written
in the control value storage region CV2 of the storage region
BLK2 corresponding to the program/erase command. For
example, the control logic 440 may write the control value
CV2 1n the control value storage region CV2 of the memory
cell array 410 whenever the program/erase operation 1s car-
ried out.

As described with reference to FIGS. 9 and 10, the non-
volatile memory device 400 includes memory cell array 410,
voltage generator 443 for providing stepwise increasing step
pulses for varying logic states of memory cells in the memory
cell array 410, and control logic 440 for adjusting an erase/
program initial voltage Vini_e/Vini_p of the stepwise increas-
ing step pulses according to the number of the step pulses. In
accordance with this embodiment, read errors of the nonvola-
tile memory device 400 are prevented, and operating speed 1s
improved.

The nonvolatile memory device 400 as described above
adjusts program and erase 1nitial voltages Vini_e and Vini_p.
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However, 1t should be understood that the nonvolatile
memory device 400 1s capable of adjusting the program 1nitial
voltage Vini_p as described with reference to FIGS. 2to S and
adjusting the erase 1mitial voltage Vini_e as described with
reference to FIGS. 6 to 8.

Further, as described above, it should be understood that
the nonvolatile memory device 400 of FIG. 9 1s capable of
controlling the program and erase 1nitial voltages Vini_p and
Vini_e i response to the program pulse count value PPC or in
response to the erase pulse count value EPC.

The above-described nonvolatile memory devices 200,
300, and 400 are described to control program and erase
initial voltages Vini_p and Vini_e. However, 1t should be
understood that the nonvolatile memory devices 200, 300,
and 400 are capable of adjusting voltages different from the
program and erase initial voltages Vini_p and Vini_e. For
example, each of the nonvolatile memory devices 200, 300,
and 400 may control a voltage of a constant level such as a
pass voltage Vpass. As described above, 1f a program/erase
operation 1s repeated, a voltage level required for a program
operation 1s lowered. That 1s, 1n the case that the pass voltage
1s maintained constantly though the program/erase operation
1s repeated, there 1s increased the intluence of the program
disturbance due to the pass voltage. Accordingly, 1t 1s possible
to adjust a level of the pass voltage according to repetition of
the program/erase operation, thus preventing the intfluence of
the program disturbance due to the pass voltage. For example,
the nonvolatile memory devices 200, 300, and 400 may con-
trol a level of the pass voltage to be lowered.

As a further example, i a program pulse count value PPC
1s varied (e.g., when 1t 1s lowered), the nonvolatile memory
devices 200 and 400 may control the level of the pass voltage
Vpass. At this time, information for the level of the pass
voltage 1s stored 1n a control value storage region CV_BLK.
That 1s, the control value CV may additionally include infor-
mation related to a level of the pass voltage.

As astill further example, 1T an erase pulse count value EPC
1s varied (e.g., when 1t 1s increased), the nonvolatile memory
devices 200 and 400 may control the level of the pass voltage
Vpass. At this time, information for the level of the pass
voltage 1s stored 1n a control value storage region CV_BLK.
That 1s, the control value CV may additionally include infor-
mation related to a level of the pass voltage.

A voltage generator 243/343/443 may generate the pass
voltage using a well-known trim circuit. The voltage genera-
tor 243/343/443 may generate a controlled pass voltage
Vpass 1n response to a control value CV.

As described above, 1n the case that a trim circuit for
generating the pass voltage stores its level as nonvolatile
information via a circuit such as an electric fuse, information
for a level of the pass voltage 1s not included 1n the control
value CV. Further, 1n the case that control logic circuits 240,
340, and 440 store information for a level of the pass voltage
as nonvolatile information, information for a level of the pass
voltage 1s not included in the control value CV.

Nonvolatile memory devices 200, 300, and 400 according
to the exemplary embodiments are not limited to control a
pass voltage of voltages each having a constant level. Voltages
of various levels may be used at an operation of a nonvolatile
memory device. For example, voltages of various levels such
as a read voltage, a program inhibition voltage, a pre-charge
voltage, etc. may be used at an operation of a nonvolatile
memory device. It 1s possible to control such voltages accord-
ing to repetition of a program/erase operation 1n the same
manner as described above.

FIG. 11 1s a block diagram showing a computing system
including a memory system of FIG. 1. Referring to FIG. 11,
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computing system 500 includes CPU 510, RAM 520, a user
intertace 330, a power supply 540, and a memory system 10.
The memory system 10 1s electrically connected via a system
bus 550 to the elements 510 to 540. The memory system 10
stores data provided via the user intertace 530 or processed by
the CPU 510. The memory system 10 includes a controller
100 and a nonvolatile memory device 200/300/400. In a case
where the memory system 10 1s installed with Solid State
Disk/Drive (SSD), a booting speed of the computing system
may be increased. Although not 1llustrated 1n FIG. 11, the
computing system may further comprise an application
chipset, camera image processor, and the like.

The above-disclosed subject matter 1s to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and scope
of the mvention. Thus, the scope of the mvention 1s to be
determined by the broadest permissible interpretation of the

following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What 1s claimed 1s:

1. A nonvolatile memory device comprising:

a memory cell array including a plurality of memory cells
connected to a plurality of word lines;

a voltage generator configured to generate first stepwise
pulses increasing from a first 1nitial voltage during a
program operation;

an address decoder configured to provide the first stepwise
pulses received from the voltage generator to a selected
word line among the plurality of word lines; and

control logic configured to adjust a second 1nitial voltage
according to the first initial voltage and a number of the
first stepwise pulses provided until at least one or more
memory cells connected to the selected word line are
program-passed,

wherein the voltage generator 1s further configured to gen-
crate second stepwise pulses increasing from the
adjusted second 1itial voltage during a subsequent pro-
gram operation.

2. The nonvolatile memory device of claim 1, wherein the
control logic 1s turther configured to compare a control value
and the number of the first stepwise pulses, and to adjust the
second 1nitial voltage to a default imitial voltage when the
comparison result satisfies a given condition.

3. The nonvolatile memory device of claim 2, wherein
information of the default initial voltage 1s read during a
power-on read operation.

4. The nonvolatile memory device of claim 3, wherein the
read iformation of the default initial voltage 1s stored 1n a
register of the control logic, and

wherein the control logic 1s further configured to operate
based on the information of the default mitial voltage
stored 1n the register.

5. The nonvolatile memory device of claim 4, wherein the
read information of the default initial voltage 1s stored 1n the
register whenever the power-on read operation 1s performed.

6. The nonvolatile memory device of claim 4, wherein the
register 1s updated with information of the adjusted second
initial voltage, and

wherein the control logic 1s further configured to use the
information of the adjusted 1nitial voltage stored in the
register during the subsequent program operation.

7. The nonvolatile memory device of claim 3, wherein the

information of the default initial voltage 1s read from electric
fuses.
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8. The nonvolatile memory device of claim 1, wherein the
memory cell array 1s divided 1nto a plurality of regions, and
cach of the plurality of regions has an initial voltage adjusted
by the control logic.

9. The nonvolatile memory device of claim 1, wherein the
control logic 1s further configured to store information of the
adjusted second 1nitial voltage into the memory cell array
alter the program operation, and to read the information of the
adjusted second 1nitial voltage from the memory cell array
during the subsequent program operation.

10. The nonvolatile memory device of claim 1, wherein the
plurality of memory cells are multi-level cells,

wherein the subsequent program operation 1s a higher level
program operation performed on multi-level memory
cells connected to the selected word line.

11. The nonvolatile memory device of claim 1, wherein the
subsequent program operation 1s performed on a subsequent
word line which 1s different from the selected word line.

12. A nonvolatile memory device comprising:

a memory cell array including a plurality of memory cells

connected to a plurality of word lines;

a voltage generator configured to generate first stepwise
pulses increasing from an first mitial voltage during a
program operation;

an address decoder configured to provide the first stepwise
pulses recerved from the voltage generator to a selected
word line among the plurality of word lines; and

control logic configured to adjust a second 1nitial voltage
according to the first ini1tial voltage and a voltage of the
first stepwise pulses when at least one or more memory
cells connected to the selected word line are program-
passed,

wherein the voltage generator 1s further configured to gen-
crate second stepwise pulses increasing from the
adjusted second 1nitial voltage during a subsequent pro-
gram operation.

13. A nonvolatile memory device comprising:

a memory cell array including a plurality of memory cells
connected to a plurality of word lines;

a voltage generator configured to generate first stepwise
pulses increasing from a first mitial voltage during a
program operation;

an address decoder configured to provide the first stepwise
pulses recerved from the voltage generator to a selected
word line among the plurality of word lines; and

control logic configured to compare a control value and a
number of the first stepwise pulses until each memory
cell connected to the selected word line 1s program-
passed, to generate mformation according to the com-
parison result, and to store the generated information
into the memory cell array;

wherein the control logic 1s further configured to control a
subsequent program operation based on the stored infor-
mation.

14. The nonvolatile memory device of claim 13, wherein
the control logic 1s further configured to adjust at least one or
more second 1nitial voltages,

wherein the voltage generator 1s further configured to gen-
crate at least one or more second stepwise pulses
increasing from the at least one or more second 1nitial
voltages during the subsequent program operation.

15. The nonvolatile memory device of claim 13, wherein
the subsequent program operation 1s performed on the
selected word line.

16. The nonvolatile memory device of claim 13, wherein
the plurality of memory cells are divided into a control region
and a data region,
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wherein the generated information 1s stored into the control

region.

17. The nonvolatile memory device of claim 16, wherein
the program operation and the subsequent program operation
are performed on the data region.

18. The nonvolatile memory device of claim 16, wherein

the data region 1s a single-level cell region, and

wherein the control region 1s a multi-level cell region.

19. A nonvolatile memory device comprising:

a memory cell array including a plurality of memory cells
connected to a plurality of word lines;

a voltage generator configured to generate first stepwise
pulses increasing from a first initial voltage during a
program operation;

an address decoder configured to provide the first stepwise
pulses received from the voltage generator to a selected
word line among the plurality of word lines; and

control logic configured to store a control value read from
the memory cell array during a power-on read operation,
to store a value as a result of the program operation of
memory cells connected to the selected word line, and to
determine a second 1nitial voltage referring to the stored
value,

wherein the voltage generator 1s further configured to gen-
erate second stepwise pulses increasing from the second
initial voltage during a subsequent program operation.

20. The nonvolatile memory device of claim 19, wherein
the control logic 1s further configured to determine the second
initial voltage according to the control value when memory
cells, which are connected to a subsequent word line selected
during the subsequent program operation, are to be pro-
grammed firstly after erase.

21. The nonvolatile memory device of claim 19, wherein
the control logic 1s further configured to compare the stored
control value and the stored value, and to determine the sec-
ond 1mitial voltage 1n response to the comparison result when
memory cells, which are connected to a subsequent word line
selected during the subsequent program operation, are to be
programmed secondly after erase.

22. The nonvolatile memory device of claim 21, wherein
the control logic 1s further configured to determine the second
initial voltage according to the control value or according to
the control value and the stored value in response to the
comparison result.

23. The nonvolatile memory device of claim 19, wherein
the control value 1s read from a control block different from a
data block where the program operation and the subsequent
operation are performed.

24. A nonvolatile memory device comprising:

a memory cell array including a plurality of memory cells

connected to a plurality of word lines;

a voltage generator configured to generate first stepwise
pulses increasing from a first 1nitial voltage during a
program operation;

an address decoder configured to provide the first stepwise
pulses recerved from the voltage generator to a selected
word line among the plurality of word lines; and

control logic configured to generate information based on
a time that each memory cell connected to the selected
word line 1s program-passed, and to store the generated
information into the memory cell array,

wherein the control logic 1s further configured to control a
subsequent program operation based on the stored infor-
mation.

25. A programming method of a nonvolatile memory

device comprising:
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supplying first stepwise pulses increasing from a first 1ni-
tial voltage to memory cells connected to a selected
word line during a program operation;

adjusting a second 1nitial voltage according to the first

initial voltage and a number of the first stepwise pulses
until at least one or more memory cells connected to the
selected word line are program-passed; and

supplying second stepwise pulses increasing from the

adjusted second 1nitial voltage during a subsequent pro-
gram operation.

26. The programming method of claim 25, wherein the
adjusting the second initial voltage comprises:

comparing a control value and the number of the first

stepwise pulses; and

adjust the second 1nitial voltage to a default initial voltage

when the comparison result satisfies a given condition.

277. The programming method of claim 26, further com-
prising:

reading imnformation of the default initial voltage during a

power-on read operation; and

generating the default in1tial voltage based on the informa-

tion of the default 1nitial voltage.

28. The programming method of claim 27, wherein the
information of the default initial voltage 1s read from electric
fuses.

29. The programming method of claim 25, further com-
prising;:

storing 1information of the adjusted second 1mitial voltage

into other memory cells after the adjusting the second
initial voltage; and

reading the stored information of the second 1nitial voltage

from the other memory cells during the subsequent pro-
gram operation.

30. The programming method of claim 25, wherein the
program operation 1s a lower level program operation per-
formed on the memory cells,

wherein the subsequent program 1s a higher level program

operation performed on the memory cells.

31. The programming method of claim 25, wherein the
subsequent program operation 1s performed on memory cells
connected to a subsequently selected word line which 1s dii-
terent from the selected word line.

32. A programming method of a nonvolatile memory
device comprising;

supplying first stepwise pulses increasing from a first 1ni-

tial voltage to memory cells connected to a selected
word line during a program operation;

adjusting a second 1nitial voltage according to the first

initial voltage and a voltage of the first stepwise pulses
when at least one or more memory cells connected to the
selected word line are program-passed; and

supplying second stepwise pulses increasing from the

adjusted second 1nitial voltage during a subsequent pro-
gram operation.

33. A programming method of a nonvolatile memory
device comprising;

supplying first stepwise pulses increasing from a first 1ni-

tial voltage to memory cells connected to a selected
word line during a program operation;

comparing a control value and a number of the first step-

wise pulses until each memory cell connected to the
selected word line 1s program-passed;

generating information according to the comparison result;

storing the generated information into other memory cells;

and

performing a subsequent program operation based on the

stored information.
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34. The programming method of claim 33, wherein the
performing the subsequent program operation comprises:

adjusting at least one or more second 1mitial voltages based

on the stored information; and

supplying at least one or more second stepwise pulses

increasing from the at least one or more second 1nitial
voltages.

35. The programming method of claim 33, wherein the
subsequent program operation 1s performed on the memory
cells.

36. A programming method of a nonvolatile memory
device comprising;:

reading a control value from first memory cells during a

power-on read operation;

programming second memory cells using a first stepwise

pulses increasing from a first initial voltage;

storing a value as a result of the programming of the second

memory cells; and

subsequently programming third memory cells using a

second stepwise pulses increasing from a second 1nitial
voltage referring to the stored value.

37. The programming method of claim 36, further com-
prising:

setting the second 1nitial voltage according to the control

value when the third memory cells are to be programmed
firstly after erase.

38. The programming method of claim 36, further com-
prising;:

comparing the control value and the stored value and

adjusting the second 1nitial voltage in response to the
comparison result when the third memory cells are to be
programmed secondly after erase.

39. The programming method of claim 38, wherein the
second 1nitial voltage 1s adjusted according to the control
value or according to the control value and the stored value in
response to the comparison result.

40. A programming method of a nonvolatile memory
device comprising:

supplying first stepwise pulses increasing from a first 1ni-

tial voltage to memory cells connected to a selected
word line during a program operation;

generating 1nformation according to time that each

memory cell connected to the selected word line 1s pro-
gram passed;

storing the generated information into other memory cells;
and
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performing a subsequent program operation based on the
stored information.

41. A memory system comprising:

a nonvolatile memory device; and

a controller configured to control the nonvolatile memory
device,

wherein the nonvolatile memory device comprises:

a memory cell array including a plurality of memory cells
connected to a plurality of word lines;

a voltage generator configured to generate first stepwise
pulses increasing from a first mitial voltage during a
program operation;

an address decoder configured to provide the first stepwise
pulses received from the voltage generator to a selected
word line among the plurality of word lines; and

control logic configured to compare a control value and a
number of the first stepwise pulses until each memory
cell connected to the selected word line 1s program-
passed, to generate information according to the com-
parison result, and to store the generated information
into the memory cell array;

wherein the control logic 1s further configured to control a
subsequent program operation based on the stored infor-
mation.

42. A memory system comprising:

a nonvolatile memory device; and

a controller configured to control the nonvolatile memory
device,

wherein the nonvolatile memory device comprises:

a memory cell array including a plurality of memory cells
connected to a plurality of word lines;

a voltage generator configured to generate first stepwise
pulses increasing from a first mitial voltage during a
program operation;

an address decoder configured to provide the first stepwise
pulses recerved from the voltage generator to a selected
word line among the plurality of word lines; and

control logic configured to adjust a second 1nitial voltage
according to the first in1tial voltage and a number of the
first stepwise pulses provided until at least one or more
memory cells connected to the selected word line are
program-passed,

wherein the voltage generator 1s further configured to gen-
crate second stepwise pulses increasing from the
adjusted second 1nitial voltage during a subsequent pro-
gram operation.
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